Objective: To evaluate retrospectively the results related to the use of pelvic fixation with alar-iliac S2 screw in individuals with myelomeningocele. Methods: Retrospective study of cases surgically treated with this technique, between January 2015 and March 2018 at the Pequeno Principe Children's Hospital. Radiographic images and clinical records were analyzed in search of complications. Results: Twelve patients with mean age of 13.3 years were treated at the time of surgery. The mean follow-up was 11.5 months. The mean of the highest magnitude curve measured by the Cobb angle in the preoperative period was 83.8°; while in the last postoperative follow-up was 29.5° (correction of 65%). The mean pelvic obliquity was 23.1° in the preoperative period and in the postoperative was 7.1° (correction of 69%). Only 2 cases (17%) with complications associated with material failure at the level of sacroiliac fixation, due to the unilateral release of the head of the polyaxial S2 iliac screw. Conclusions: The technique of pelvic fixation in the scoliosis secondary to myelomeningocele with the use of S2 alar-iliac screws has shown satisfactory results, with only two complications (17%) directly related to pelvic fixation in the operated cases. Level of Evidence IV; Series of Cases. 
RESUMEN

Objetivo: Evaluar retrospectivamente los resultados del uso de la fijación pélvica con el tornillo S2 alar-ilíaco en individuos con mielomeningocele. Métodos: Estudio retrospectivo de los casos tratados quirúrgicamente a través de esta técnica entre enero de 2015 y marzo de 2018 en el Hospital Infantil Pequeno Príncipe. Fueron analizadas las imágenes radiográficas y los prontuarios en busca de complicaciones. Resultados: Se trataron quirúrgicamente a 12 pacientes con promedio de edad de 13,3 años. El promedio de seguimiento fue de 11,5 meses. El promedio de la curva de mayor magnitud medida por el ángulo de Cobb en el preoperatorio fue de 83,8°, mientras que en el último seguimiento postoperatorio fue de 29,5° (corrección del 65%). El promedio de la oblicuidad pélvica fue de 23,1° en el preoperatorio y en el postoperatorio de 7,1° (corrección del 69%
There is a strong association between myelomeningocele and spinal deformities that begin to appear in early infancy and become severe before 10 years of age. Among these deformities, scoliosis may develop in around 50% to 70% of patients. 1, 13 Age and the level of motor impairment are the principal determinants of the appearance of the deformity, reaching values from 88 to 100% in the thoracic level, 72 to 81% in the upper lumbar level, 3% in the lower lumbar level, and 9% in the sacral level. 2, 3, 14 Pelvic obliquity is often related to spinal deformities and is attributed to muscle contractions above and below the pelvis, as well as to intrinsic deformities of the pelvic bones due to growth disturbances. 4 The objectives of spinal arthrodesis surgery are the correction of the deformity and the restoration of the balance between the trunk and pelvis, thus influencing the improvement in the quality of life of these patients. 5, 13, 14 Pelvic obliquity and lumbar kyphosis are indications for extending fixation to the pelvis. 6, 12 There are several pelvic fixation techniques described, and the Spine Service of the Hospital Infantil Pequeno Príncipe has used the S2 alar-iliac screw fixation technique.
Objective
The objective of this study is to retrospectively evaluate results related to the use of pelvic S2 alar-iliac screw fixation in individuals with myelomeningocele from data obtained prospectively from cases operated by the Spine Service of Hospital Infantil Pequeno Príncipe.
METHODS
We conducted a retrospective study of the data obtained prospectively from cases treated surgically via this technique between January 2015 and March 2018 at the Hospital Infantil. Twelve cases were reviewed by analyzing radiographic images and clinical records in search of complications.
The radiographs were reviewed by a single examiner looking for signs of material failure, such as loosening and breakage of the screws or rods at the level of pelvic fixation. The radiographic parameters were measured with the assistance of Surgimap Spine software, using the Cobb angle method to measure the degrees of the highest magnitude curve in pre-and postoperative panoramic anterior-posterior spinal radiographs and the Osebold method to measure pelvic obliquity. 12 The surgical pelvic fixation technique using S2 alar-iliac screws was described by Sponseller et al. (2010) . The reference for the point of entry is the point midway between the foramens of S1 and S2, at a distance of about 25mm from the upper plateau of S1, 30mm lateral to the midline of S1, and 20mm lateral to the midline of S2, with a lateral angle of 40° and a caudal angle of 40°. 6 The case reports were reviewed in search of clinical reports of pain or ulceration at the level of S2 alar-iliac fixation, as well as the duration of follow-up.
This study was approved by the Hospital Infantil Institutional Review Board as number 65611917.3.0000.0097. All patients participating in the study signed the Informed Consent Form.
RESULTS
Six male (50%) and six female (50%) patients were treated surgically using the technique of S2 alar-iliac screw fixation (Figure 1) . The mean age of the patients was 13.3 years (ranging from 9 to 17 years) at the time of surgery.
Mean follow-up was 11.5 months (ranging from 4 to 33 months). The clinical data are shown in Table 1 .
The mean highest magnitude preoperative curve measured by the Cobb angle was 83.8° (ranging from 56° to 128°). The mean highest magnitude curve measured at the last postoperative follow--up was 29.5° (between 0° and 72°) with a mean correction of 65%. Mean pelvic obliquity was 23.1° (between 2° and 57°) and 7.1° (between 0° and 17°) in the preoperative and postoperative periods, respectively, with a mean correction of 69%. The data obtained are shown in Table 2 . Of the 12 cases submitted to the technique described, the radiographic analysis showed 2 cases (17%) with complications associated with failure of the material at the level of sacroiliac fixation in S2. In one case, the head of the left polyaxial S2 alar-iliac screw had loosened at the 7-month follow-up and, in the other case, the 33-month control radiograph revealed loosening of the head of the right polyaxial S2 alar-iliac screw and breakage of the rod below the left S1 screw. We also observed that both these patients remained asymptomatic in the clinical follow-up, with no need for revision of the fixation.
There was one case of rod breakage at level L3-L4 in a patient who fell from the own height, defining a traumatic event as the cause of the complication, without compromising the S2 alar-iliac fixation.
Another complication reported, but not associated with the alar--iliac fixation, was of a patient who had a broken rod at level T11-T12 due to pseudoarthrosis, but without compromising the level S2 alar--iliac fixation, which required reintervention.
There were no clinical reports of wound complications or pain directly related to the material at the level of the S2 alar-iliac fixation.
DISCUSSION
Patients with myelomeningocele have a good chance of progress with spinal deformities that require surgical correction. Due to the neuromuscular nature of the pathology in the spine, pelvic obliquity usually accompanies the deformities and makes it necessary to include the pelvis in the fixation. 6, 12 Among the several techniques described, the Hospital Infantil group has used S2 alar-iliac fixation. Modi et al. (2010) demonstrated that patients with neuromuscular scoliosis and pelvic obliquity greater than 15° need pelvic fixation to prevent progression of the deformity. The study used the iliac screw technique and none of the patients included were diagnosed with myelomenigocele. 7 Sharma et al. (2013) showed in their meta-analysis that the complication rate related to implants is around 12.51%, reviewing 68 studies conducted over the previous 15 years that included patients with neuromuscular scoliosis. The revision rate, however, was around 7.87%. 8 In our study, we observed a 17% rate (2 cases) of implant failure, without the need for fixation revision. Montero et al. (2017) evaluated the results and technical complications of S2 alar-iliac fixation in 31 patients with neuromuscular scoliosis with an average follow-up of 9 months. Only 5 of these patients had a diagnosis of myelomeningocele. This study had a rate of complications related to the implant of 1.9%, corresponding to one patient with an intra-articular screw in the hip. 9 In their study using this technique in 38 patients with neuromuscular scoliosis with a minimum 5-year follow-up, Jain et al. (2017) reported correction of pelvic obliquity at 57%, cases of infection in 11%, and only one case of a unilateral fracture of the alar-iliac screw. This case series, however, included only 2 patients diagnosed with myelomeningocele. 10 Comparing the sacral alar-iliac technique with fixation with iliac screws in the treatment of neuromuscular scoliosis, Shabtai et al. (2016) demonstrated that the rate of implant failure in the alar-iliac fixation group was only 7%, corresponding to a rate 75% less than in the group with iliac screws. Even with a minimum follow-up of two years, the study included only one out of the 46 patients evaluated for the sacral alar-iliac technique with a diagnosis of myelomenigocele.
11
Comparing the technique of sacral alar-iliac fixation with other methods, Sponseller et al. (2010) reported a better and significant correction of pelvic obliquity (70% correction) with sacral alar-iliac fixation, although there was no difference in the final Cobb angle of the curve compared to those from the use of other techniques. There was only one case of revision of the sacral alar-iliac screws. 15 The satisfactory results observed in this study were not previously found in other studies that generally present case series that include patients with countless neuromuscular pathologies, most of them with cerebral palsy. There is still a dearth of articles in the literature dealing with this technique specifically in patients with myelomeningocele.
The limitations of this study include follow-up time and the number of patients included, even though it is higher than that found in the literature.
CONCLUSION
The pelvic fixation technique in scoliosis secondary to myelomeningocele using S2 alar-iliac screws has yielded satisfactory results in our service, with only two complications of implant failure (17%) directly related to pelvic fixation among the cases treated surgically.
